Background: Based on a person-centered care, the relationships between people with dementia and caregivers should be interconnected. There is a need to study what attributes would contribute a higher caregiving burden from a comprehensive viewpoint of care recipients and caregivers. Methods: Apriori algorithm is performed with 12 variables for antecedents and caregiving burden for the consequent from the self-built database of a medical center in Taiwan. The minimum support, minimum confidence, and lift of Apriori algorithm are set to 5%, 90%, and > 1, respectively. Results: Thirty-two rules that satisfy the threshold values are found. Our findings show that clinical dementia rating of care recipients, type of dementia of care recipients, and age of caregivers are not the attributing variables to affect the caregiving burden. In contrast, the highest burden results from a female spouse or a sole caregiver. Moreover, the burden is associated with the type of primary care, frequency of care, and help of key activities.
Introduction
Alzheimer's disease and other dementias have a significant influence on the people with the disease and their families. 1 Caring for patients with dementia is a huge task, and many people feel strained. It is better to have a health and social system to provide a wide range of care and services to meet the needs of dementia patients and their families. 1 The study conducted by Song and Oh 2 pointed out that behavioral and psychological symptoms of dementia (BPSD) is a source of psychological distress for caregivers, and the cumulative scores of BPSD are correlated positively with the total distress scores for formal caregivers (registered nurses and care workers) of nursing homes in South Korea.
BPSD such as wandering, resistance to care, agitation, and aggression increase the workloads for caregivers and complications for patients in long-term care facilities in Japan. 3 In addition, BPSD might cause difficulties for caregivers to care patients with dementia, and these difficulties may lead to elder abuses and an increased use of physical restraints. 3 Thus, a palliative approach that involves the families and healthcare staff is recommended to provide caregiving to people with dementia. 4 That is, caregivers including care staff and families must have enough knowledge of dementia in order to offer appropriate ongoing care. Therefore, knowledge about the association between specific characteristics of caregivers and caregivers' burden is essential.
In practice, caregivers include informal and formal caregivers. Informal caregivers are unpaid individuals such as a spouse, partner, family member, friend, or neighbor involved in assisting patients with dementia with activities of daily living and/or medical tasks. On the other hand, formal caregivers are paid care providers, who provide care in one's home or in a care setting such as day cares, residential facilities, or long-term care facilities. In Taiwan, patients with dementia rely heavily on help from their families. 5 In this study, caregivers include both informal and formal caregivers because the self-built database from a medical center in Taiwan does not specify the type of caregivers in detail.
Conde-Sala et al, 6 Braun et al, 7 and Nagatomo et al 8 reported that people with dementia with one or two (demographic) variables might contribute to a higher caregiving burden. For instance, spouses feel highly stressful than children in caregiving. The caregiving burden of male recipients is higher than that of female recipients. However, most of the studies did not specify the level of caregiving burden in terms of some burden scales. Moreover, rare studies have been found to provide a more comprehensive viewpoint by combining various (demographic) variables to identify what attributes could possibly result in a higher caregiving burden. That is, the associations of caregivers and care recipients are very complicated and have not been discussed thoroughly. Particularly, the contributing variables that cause care providers the highest level of caregiving burden are required to be studied in order to release caregivers' stress and provide better care for patients with dementia. Clissett et al 9 and Brooker and Latham 10 stated that an ideal approach of caring for people with dementia in a longterm care is to use a person-centered care. Obviously, the relationships between people with dementia and caregivers should be interconnected in order to provide a person-centered care. Therefore, the purpose of this study is to identify what attributes could result in the severe caregiving burden from a comprehensive viewpoint of both dementia patients and caregivers. Association rules particularly Apriori algorithm can be performed to uncover interesting statistical correlations from a multidimensional viewpoint when each attribute is considered as a dimension by satisfying both minimum support and confidence threshold values. 11 In doing so, when a caregiver with a high caregiving burden is identified, helps from hospitals, social workers, or governments can be provided to relieve his/ her burden based on a person-centered care.
Materials and methods
This study uses a self-built database with a total of 262 registered patients with dementia from a medical center in Taiwan from October 2015 to June 2017. The clinical trial approval certificate was approved by the institutional review board of Changhua Christian Hospital in Changhua County, Taiwan, with protocol number of CCH IRB 160165. Regarding the clinical trial approval, patient informed consent was not required for the data, as the data were anonymized. In the early stage of data collection and database establishment, the variables for each patient with dementia are limited. Each record from a patient with dementia includes clinical dementia rating (CDR) of the care recipient, age of the caregiver, care recipient relation (who are you caring?), type of primary care, frequency of care, help of key activities (multiple choice: 1 if help of a key activity is applied; 0 if not), the caregiving burden (0-13: little or no burden; 14-25: moderate burden; and 26-42: severe burden), type of dementia, gender of the care recipient, age of the care recipient, and help with activities of daily living. If any data set has missing information from one or more columns, then that data set is considered as an incomplete data set. Hence, in this study 169 incomplete data sets were removed and 93 patients with dementia were used for further analyses. The detailed variable information about 93 data sets is provided in Table 1. A majority of dementia patients are women (64.5%) with Alzheimer's disease (57%) whose ages are ≥75 years (86%) and have mild dementia (57%). On the other hand, the majority of caregivers are recipients' children (55.9%) aged ≥50 years (83.9%) with 6 days or more per week in frequency (92.5%) by either sole (46.3%) or shared (37.6%) caregiving in primary care. The burden of caregivers is moderate (68.8%). In addition, key activities for the care recipients are accompany (88.2%), physical condition and/or activities of daily living (84.9%), and navigating in and through the healthcare system or rehabilitation (81.7%).
The caregiving burden is assessed by self-test of memory clinic caregiver's stress issued by Taiwan Association of Family Caregivers with 14 questions as shown in Table 2 . Each caregiver is asked to reply each question by one of the four selections, including never with a value of zero, rarely with a value of 1, sometimes with a value of 2, and quite frequently with a value of 3. The level of caregiving burden is obtained by aggregating the total scores from these 14 questions. Therefore, the caregiving burden of each caregiver based on the total score can be classified into three levels, ie, 0-13 (little or no burden), 14-15 (moderate burden), and 26-42 (severe burden).
The purpose of this study is to identify the associations among care recipients, caregivers, and the caregiving burden. That is, the study intends to find what attributes (scenarios) 
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association between patients with dementia and high caregiving burden for caregivers would result in a severe level of caregiving burden for each caregiver. Association rules enable users or domain experts to find interesting statistical correlations from a multidimensional viewpoint when an attribute is viewed as a dimension. 11 Besides, association rules are an approach to investigate the dependence among attributes (variables) by a type of conditional probabilities, which is similar to Bayesian networks. 12 Specifically, association rules use the form "If antecedent, then consequent" to generate rules. 12 In this study, Apriori algorithm, which is very useful to discover interesting relationships previously unknown in the data sets, is used to find rules and associations that exist between any of 
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Yan et al the attributes by setting up support, confidence, and lift. [11] [12] [13] [14] [15] [16] Rules generated by the Apriori algorithm need to satisfy both minimum support and confidence threshold values.
11,12
The definitions of support, confidence, and lift are depicted subsequently. 11, 12, 16 The support for an association rule A ⇒ B is the percentage of transactions in the database containing both A and B: Support number of transactions containing both A and B tota
The confidence of the association rule A ⇒ B is to evaluate the accuracy of the rule in accordance with the percentage of transactions in the database containing A and also B simultaneously:
Confidence number of transactions containin
g g both A and B number of transactions containing A
. (2) Lift is a simple correlation that measures if A and B are independent or dependent and correlated events:
Han and Kamber 11 described that the probability of A and B is independent if a particular rule has a lift of one. If two events are independent, no rule will be drawn containing these two events. On the contrary, if a rule has a lift greater than one, A and B are dependent and positively correlated. In practice, Larose 12 stated that analysts might prefer rules with either a high support or a high confidence and usually both. The purpose of association rules is to find strong rules that meet or surpass certain minimum support and confidence criteria.
Before performing the Apriori algorithm by IBM SPSS Modeler 14.1, the notations defined by numerical values are described in Table 1 , where data type defines each type of variables of dementia patients. The input variables for antecedents include CDR of the care recipient, age of the caregiver, care recipient relation, type of primary care, frequency of care, help of key activities, type of dementia, gender of the care recipient, age of the care recipient, and help with activities of daily living. It is worth to note that there are three activities in help of key activities. If a caregiver applies a particular key activity, a value of one is assigned. If not, a value of zero is assigned. Therefore, 12 variables belong to antecedents. On the other hand, the input variable for the consequent is the caregiving burden. The minimum support, minimum confidence, and lift are set to 5%, 90%, and >1, respectively.
Results
The purpose of this study is to find associations between antecedents and the consequent by identifying what attributes that could cause the highest burden for caregivers based on the self-built database from a medical center in Taiwan. 
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association between patients with dementia and high caregiving burden for caregivers
In Table 3 , consequent is the severe burden for caregivers. In order to reduce the complexity of the table, this column is removed. On the other hand, antecedents represent "the reasons" to result in the severe caregiving burden. That is, antecedents that appeared in rules are considered to be critical variables. Furthermore, if there are two or more antecedents in a rule, these antecedents should be incurred simultaneously. For instance, Rule 1 indicates that a female spouse, who navigates in and through the healthcare system or rehabilitation for a male recipient with the age of 75-79 years, has a severe caregiving burden.
There are 32 rules generated by the Apriori algorithm performed by IBM SPSS Modeler 14.1. The first 28 rules can be generalized into one rule, whereas the rest of four rules can be generalized into the other rule. That is, caregivers feel a severe burden when the patient is male, aged 75-79 years with the help of key activities in navigating in and through the healthcare system or rehabilitation. The more detailed variables included are care recipient relation (spouse), type of primary care (sole caregiver), help with activities of daily living (no), frequency of care (6 days or more per week), help of key activities (accompany), or a combination of two or more variables. The second generalized rule is as follows: The caregivers feel a severe burden when the dementia patients are male with care recipient relation (spouse) and do not need any help with activities of daily living but need help in key activities in navigating in and through the healthcare system or rehabilitation. The differences among these four rules specifically include help of key activities (physical condition and/or activities of daily living), type of primary care (sole caregiver), help of key activities (accompany), or frequency of care (6 days or more per week).
Discussion
Conde-Sala et al 6 concluded that some studies reported that adult children had the highest level of the caregiving burden, but others showed that spousal caregivers had the greatest burden. This study shows that female spouses have higher burden that is consistent with the study conducted by Braun et al, 7 showing that spousal caregiving is highly stressful. The findings of this study are consistent with those of Nagatomo et al 8 that spouses have a higher burden value than children in caregiving. On the other hand, Nagatomo et al 8 found that the caregiving burden of male care recipients is significantly higher than that of females. Besides, the caregiving burden of an elder female who solely provides caregiving to her husband is higher. 17 Our results are consistent with those of Nagatomo et al 8 and Brown. 17 Song and Oh 2 pointed out that the more severe the symptoms of patients with dementia, the more distress was experienced by caregivers. However, this study does not draw similar conclusions. In fact, CDR of the care recipient, type of dementia of the care recipient, and age of the caregiver are not the major variables to influence the caregiving burden. In contrast, the burden of a female spouse or a sole caregiver is higher. Besides, the burden is associated with type of primary care, frequency of care, and help of key activities.
Previous studies only showed one or two variables that might cause higher caregiving burden. That is, each variable is treated as an independent variable. Besides, no specified caregiving burden is given, ie, the level of caregiving burden. On the contrary, this study provides a more comprehensive viewpoint by combining various variables to identify what attributes might result in the highest caregiving burden for care providers. For instance, a male dementia patient with the age of 75-79 years solely cared by his wife results in the highest caregiving burden. A male patient with dementia cared by his wife who does not need help with activities of daily living but needs navigating in and through the healthcare system or rehabilitation would result in the highest caregiving burden. Our results can be viewed as a part of person-centered care that has the interconnected relationships between people with dementia and caregivers. 9, 10 This study provides more specific guidelines for caregivers who are going to experience the highest caregiving burden if a scenario meets one of the 32 rules listed in Table 3 . When a pair of a care recipient and a caregiver matches one of the rules, it is advised that this caregiver needs more help from hospitals, social workers, or governments to relieve his/her burden in accordance with a person-centered care.
In 2013, the government of Taiwan (Ministry of Health and Welfare) launched the "long-term care service network" to develop a dementia multicare service network and to establish dementia care resources including "school of wisdom," dementia daycare services, family care providers support service network, and dementia special care units. 18 A report from Central News Agency in August 2017 19 summarized that the Ministry of Health and Welfare aims to increase the number of dementia care centers and the diagnosis rates over the next 4 years as well as to help at least 5% of the 18 million people in the age range from 15 to 64 years in Taiwan to gain a deeper understanding of the dementia over the next 4 years.
Launched in November 2016, "Long-Term Care 2.0 in Taiwan" developed by the Ministry of Health and Welfare gets started to respond to an aging society. 20 The missions include person-centered, community-based, and continuum of care. The goals are to establish an accessible, affordable, universal long-term care service system with good quality and have a downstream preparedness to provide discharge plan and home-based medical care. Patients with dementia aged ≥50 years are also included in "Long-Term Care 2.0 in Taiwan." That is, the long-term dementia care in Taiwan is in a start-up stage, and there is a lack of qualified caregivers in this program. 20 Moreover, Taiwan's long-term care program should focus on boosting the quality of life for both patients and caregivers. 20 In fact, this medical center establishes a dementia center and is in charge of diagnoses of patients with dementia and provisions of dementia care in Changhua County, Taiwan, requested by the Ministry of Health and Welfare. However, there is a need to provide (additional) knowledge for dementia care from care recipients and care providers in a long-term perspective. This study fills the gap and provides how a person-centered care in "Long-Term Care 2.0 in Taiwan" can be fulfilled.
Conclusion
Clissett et al 9 and Brooker and Latham 10 concluded that a person-centered care is an ideal approach to care for people with dementia in a long-term care. Besides, it is essentially important to find the interconnected relationships between dementia patients and caregivers. This study uses the Apriori algorithm to find associations between dementia patients and caregivers from a more comprehensive viewpoint by combining various variables to identify what attributes might result in the highest caregiving burden for caregivers. Variables including CDR of the care recipient, type of dementia of the care recipient, and age of the caregiver are not the contributing factors to influence the caregiving burden. This study shows that the highest caregiving burden is associated with type of primary care, frequency of care, and help of key activities when the patient with dementia is male cared by the spouse or solely.
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